Night shift work undertaken by women and fertility treatment interact to increase prevalence of urogenital anomalies in children by Fernandez, R. et al.
ACCEPTED VERSION 
 
Renae C Fernandez, Vivienne M Moore, Kristyn J Willson, Michael Davies 
 Night shift work undertaken by women and fertility treatment interact to increase 
prevalence of urogenital anomalies in children 
 Occupational and Environmental Medicine, 2021; 78(11):782-788 
 “This article has been accepted for publication in Occupational and Environmental 
Medicine, 2021 following peer review, and the Version of Record can be accessed online 
at http://doi.org/10.1136/oemed-2021-107430.” 
© Author(s) (or their employer(s)) 2021. “Reuse of this manuscript version (excluding any 
databases, tables, diagrams, photographs and other images or illustrative material included 
where a another copyright owner is identified) is permitted strictly pursuant to the terms of 





























As the author you may wish to post your article in a PrePrint service, institutional or subject repository 
or a scientific social sharing network. To see BMJs self-archiving policy on these archiving services 
please select the licence type your article was published under: 









Night shift work undertaken by women and fertility treatment interact 1 
to increase prevalence of urogenital anomalies in children 2 
 3 
Renae C. Fernandez1-3*; Vivienne M. Moore2-4; Kristyn J. Willson2,3; Michael J. Davies1,3 4 
 5 
1 The University of Adelaide, Adelaide Medical School, Adelaide, South Australia, 
Australia. 
2 The University of Adelaide, School of Public Health, Adelaide, South Australia, 
Australia. 
3 Robinson Research Institute, Adelaide, South Australia, Australia. 
4 Fay Gale Centre for Research on Gender, Adelaide, South Australia, Australia. 
 
*Corresponding author 6 
Email: renae.fernandez@adelaide.edu.au 7 
Postal: Level 1, Helen Mayo North Building, The University of Adelaide, Adelaide, South 8 
Australia 5005 9 
 10 






KEY MESSAGES 12 
1. What is already known about this subject? 13 
• Night shift work is known to affect circadian rhythms, producing a cascade of 14 
perturbations in the endocrine system. 15 
• It is plausible that night shift work undertaken by women could contribute to urogenital 16 
anomalies in offspring.   17 
• Investigation is complicated because of evidence that night shift work impairs female 18 
fertility, and assisted conception is associated with elevated prevalence of urogenital 19 
anomalies. 20 
 21 
2. What are the new findings? 22 
• Maternal shift work involving exposure to light at night was significantly associated with 23 
urogenital anomalies in their offspring, but only among women who conceived with 24 
fertility treatment.  25 
• This was not explained by differences in the types of fertility treatment administered to 26 
women who worked night shift. 27 
 28 
3. How might this impact on policy or clinical practice in the foreseeable future? 29 
• Individual susceptibility to circadian disruption and the impact of this on severity of 30 
infertility and perinatal outcomes requires further investigation. 31 
• Individuals with poor tolerance of shift work may benefit from choice of shift schedule 32 
and promotion of strategies to mitigate circadian disruption. 33 







To investigate the role of maternal night shift work in urogenital anomalies in offspring, 37 
taking into account mode of conception. 38 
 39 
Methods 40 
A population-based cohort was produced via linkage of three datasets pertaining to fertility 41 
treatment, pregnancy and congenital anomalies.  Potential exposure of primiparous women to 42 
night shift was imputed by applying a job-exposure matrix to usual occupation. Associations 43 
between exposures and offspring urogenital anomalies were examined using logistic 44 
regression.  An interaction term for maternal night shift work and mode of conception 45 
(natural or assisted) was included, while adjusting for covariates including maternal age, fetal 46 
sex and multiplicity. 47 
 48 
Results 49 
A statistically significant multiplicative interaction (β=0.74, p=0.01) was observed between 50 
maternal night shift work and fertility treatment in relation to urogenital anomalies among 51 
first births. For natural conceptions, maternal night shift work was not associated with 52 
offspring urogenital anomalies (OR=0.99, 95% CI 0.84-1.15). Where a birth arose from 53 
fertility treatment, urogenital anomalies were significantly higher among births to night shift 54 
workers compared to day workers (OR=2.06, 95% CI 1.20-3.54). This was not due to 55 
differences in the type of fertility treatment received. 56 
 57 
Conclusions 58 
Women who worked night shift did not have offspring with increased prevalence of 59 
urogenital anomalies if they conceived naturally. When night shift workers conceived with 60 





possible that these women had the greatest exposure to night shift work, or least tolerance for 62 






Night and rotating shift work usually involve exposure to light at night, known to affect 65 
circadian rhythms, producing a cascade of perturbations in the endocrine system.  This could 66 
have consequences for the reproductive health of women and for the development of a fetus 67 
in the womb. 68 
 69 
To elaborate, the suprachiasmatic nucleus in the hypothalamus relays circadian information 70 
to other central and peripheral circadian oscillators via regulation of clock-gene expression 71 
and neuroendocrine signalling,[1, 2] such as the rhythmic secretion of melatonin by the pineal 72 
gland.[3]  Circadian clock-gene expression occurs in several reproductive tissues including the 73 
ovary, which may explain why alterations in endogenous levels of other hormones, including 74 
estrogen, have been observed among shift workers.[4, 5] Furthermore, there is some evidence 75 
that shift work adversely affects female fertility,[6, 7]  which may lead to greater use of fertility 76 
treatment by these women.[8] 77 
 78 
During pregnancy, melatonin is important as an antioxidant and in regulating the fetal 79 
circadian rhythm.[9] Beyond disrupting this rhythm, night shift work has the potential to 80 
interfere with aspects of fetal development that occur in a hormone-dependent manner, 81 
notably the male urogenital system.[10] Urogenital anomalies occur among both males and 82 
females, affecting up to 16 per 1000 births.[11]  However, a higher prevalence of both urinary 83 
and genital anomalies among males has been reported in several studies.[12-14] 84 
 85 
Previously, a systematic review considered urogenital anomalies among offspring of women 86 
employed in health care, an industry where night shift work is common.[15] Of the four 87 





association.[19]  However, an earlier case-control study found significantly higher relative risk 89 
of genital system (RR = 1.61, 95% CI 1.03-2.53) and urinary system anomalies (RR = 3.43; 90 
95% CI 1.41-8.34) among children born to nurses.[20] 91 
 92 
To date, only one of the published studies has considered whether conception was natural or 93 
assisted by fertility treatment.[18] This is an important consideration, since fertility treatment 94 
has been identified as a risk factor for genital and urinary tract anomalies.[10, 21]  Therefore, 95 
our aim was to investigate the role of maternal night shift work in urogenital anomalies in 96 




MATERIALS AND METHODS 101 
Data sources and study population 102 
As described previously,[22] the study cohort was assembled by linking data on all patients 103 
undergoing fertility assessment and treatment in South Australia (SA) with two registries, the 104 
SA Perinatal Registry and SA Birth Defects Registry.  The study population thus comprised 105 
all live births, fetal deaths, and terminations (after 20 weeks) occurring among women 106 
residing in SA between 1986 and 2002 (n=327, 369). 107 
 108 
Night shift work 109 
The title of the mother’s usual occupation prior to and/or during pregnancy was recorded in 110 
the Perinatal Registry, coded using the Australian Standard Classification of Occupation 111 
(version 1).  A job exposure matrix was applied in order to infer night shift work exposure. 112 





elsewhere.[23] Using the matrix, a probability of exposure to light at night can be assigned to 114 
each occupation, which provided an indicator of involvement in night shift work or rotating 115 
shift work involving nights. Occupations in which at least 30% of workers reported exposure 116 
to light at night, an optimal threshold as determined in previous studies,[24] were labelled 117 
"night shift workers". Those without this were assumed to be day workers.  118 
 119 
Congenital anomalies 120 
Structural, biochemical, chromosomal and other congenital anomalies are reported to the SA 121 
Birth Defects Register and classified according to the British Paediatric Association 122 
Modification of the International Classification of Diseases 9th Revision (ICD-9 BPA). 123 
Anomalies are reportable until a child’s fifth birthday, thus are not limited to those readily 124 
detected in the neonatal period.  Minor anomalies are excluded from the register unless they 125 
are disfiguring or require treatment (thus, for example, hydrocoele testis is not included). All 126 
codes relating to urogenital anomalies, ICD-9 BPA 75200 to ICD-9 BPA 75399 were 127 
considered as outcomes in the present study. 128 
 129 
Other variables 130 
Mode of conception is a known risk factor for urogenital anomalies.[10]  Where conception 131 
occurred with clinical assistance, it was further classified as minimal intervention 132 
(encompassing timed intercourse, semen tests, or low-dose hormonal stimulation), ovulation 133 
induction (OI) only, in vitro fertilisation (IVF), intracytoplasmic sperm injection (ISCI), 134 
intrauterine insemination (IUI), gamete intrafallopian transfer (GIFT) or use of donor 135 
oocytes.  We excluded 400 births for which the mode of conception was unclear. These births 136 





Potential covariates were identified for inclusion if existing literature supported a 138 
demonstrated or plausible association with either night shift work or offspring urogenital 139 
anomalies. Covariates obtained from the Perinatal Registry were maternal age (classified into 140 
five-year age bands), maternal ethnicity (Caucasian or non-Caucasian) and socioeconomic 141 
status, which was assigned based on postcode of residence and the Socio-Economic Indexes 142 
for Areas.[25]  Medical conditions before and during pregnancy (pre-existing diabetes, 143 
gestational diabetes, pre-existing hypertension, and pregnancy induced hypertension), 144 
multiple pregnancy and fetal sex were also considered. Routine recording of maternal 145 
smoking on the perinatal record began in 1998. Therefore, smoking data was available for 146 
only 45% of births in the study period. Maternal body mass index (BMI) was not recorded in 147 
the perinatal records during the study period but was available for around three quarters of 148 
fertility treatment patients. 149 
 150 
Statistical analysis 151 
The population for these analyses was restricted to primiparous women in paid employment 152 
(Figure 1).  This selection criteria increases the likelihood of participants being employed in 153 
their designated usual occupation around the time of conception, reducing the potential for 154 
bias associated with the ‘infertile worker’ effect.[26]  In brief, the great majority of Australian 155 
women return to work part-time after they have a child,[27] so work-related exposures are 156 
quite different from those of childless or primiparous women.  157 
 158 
We tabulated maternal health and sociodemographic characteristics, as well as pregnancy and 159 
birth characteristics stratified by night shift work exposure, mode of conception and 160 





variables) were undertaken to provide an initial guide to associations as well as the extent of 162 
confounding that might occur. 163 
 164 
We compared urogenital anomalies among children born to women who worked night shift 165 
with the corresponding prevalence for women who were day workers, using multivariable 166 
logistic regression.  An interaction term was included to account for the multiplicative joint 167 
effects of night shift work and mode of conception. Although subcategories of urogenital 168 
anomalies exist, categories were combined in this analysis due to the presence of small 169 
numbers for some cells.  170 
 171 
For the multivariate logistic regression, maternal age, fetal sex and multiplicity were a priori 172 
included to produce adjusted models. Other potential covariates were assessed for inclusion 173 
and retained in a fully adjusted model if they were independently associated with the 174 
urogenital anomalies with a p-value of less than 0.2 or produced a change of at least 10% in 175 
the main effect estimate.[28] Covariates were not included in the models if there were no 176 
exposed cases among births with urogenital anomalies.  177 
 178 
Generalised estimating equations (GEE) with exchangeable correlation matrix structure were 179 
applied to account for clustering in the data, specifically consecutive pregnancies to the same 180 
mother and births resulting from multiple gestations that cannot be treated as independent 181 
observations. Offspring of indeterminate or unknown sex (n=24, 0.03%) were coded as male 182 
in the analysis. This assumption was tested in sensitivity analyses by recoding these births as 183 
female and observing any changes in the results; as no differences were observed, these 184 





containing maternal smoking data.  Sensitivity analyses were also performed excluding 186 
women who were nurses.   187 
 188 
Within the group that received fertility treatment, we examined the frequency of specific 189 
treatment types according to night shift exposure and used a chi-square test to determine 190 
whether any treatment types were more commonly administered to night shift workers than 191 
day workers.  We also compared BMI for night shift and day workers who conceived with 192 
fertility treatment. 193 
 194 
In addition to examining the distribution of treatment types by night shift exposure, 195 
pregnancy outcomes including fetal death, overall congenital anomalies and urogenital 196 
anomalies were tabulated by night shift exposure, treatment type and multiplicity. This is 197 
presented descriptively for clinical interest, as data were too sparse for statistical analysis. 198 
 199 
All hypothesis tests were two-sided and p values < 0.05 were considered statistically 200 
significant. All data analysis was performed using Stata V.14. (StataCorp, College Station, 201 
Texas, USA). 202 
 203 
Ethical approval 204 
The study was approved by the South Australian Department of Health Human Research 205 
Ethics Committee (ref. no. 19 012 006), the University of Adelaide Human Research Ethics 206 
Committee (ref. no. H-002-2005), and Flinders Clinical Research Ethics Committee (ref. no. 207 










In total, there were 98,759 primiparous women in paid employment who gave birth during 214 
the study period.  Occupations for 11,271 (11.5%) women were likely to have involved night 215 
shift work.  Over half of the night shift workers were nurses, with other occupations 216 
including police officers and air transport support workers (as described elsewhere).[8] 217 
 218 
Births conceived with fertility treatment comprised 3,466 (3.5%).  There were relatively more 219 
women who worked night shift in the group that conceived with fertility treatment (13.1%) 220 
than among women in paid employment who conceived naturally (11.4%). 221 
 222 
Table 1 describes maternal and pregnancy characteristics for women grouped according to 223 
their night shift work exposure status and whether or not they conceived naturally. Women 224 
employed in occupations involving night shift tended to be older, and were more likely to be 225 
Caucasian and to reside in a higher socioeconomic area and somewhat less likely to smoke.  226 






Table 1: Maternal and pregnancy characteristics for primiparous women in paid employment, stratified exposure to night shift work 229 
and mode of conception. 230 
 Naturally conceived births  Births from fertility treatment  
 Night shift workers Day workers   Night shift workers Day workers   
 (n = 10,817)  (n = 84,076)  (n = 454) (n = 3,012)  
 n % n % p-value n % n % p-value 
Age (years)           
< 30  7,107 65.7  60,234 71.6 <0.001 123 27.1  857 28.5 0.38 
30-34  2,864 26.5  18,524 22.0 200 44.1  1,370 45.5 
35-39  741 6.9  4,680 5.6 107 23.6  672 22.3 
≥40  105 1.0  636 0.8 24 5.3  113 3.8 
Ethnicity           
Caucasian 10,540 97.4  80,703 96.0 <0.001 443 97.6  2,916 96.8 0.38 
Non-Caucasian  277 2.6  3,373 4.0 11 2.4   96 3.2 
Socioeconomic status           
Q1 (lowest quartile)  1,812 16.8  18,385 21.9 <0.001 76 16.7  540 17.9 0.72 
Q2  2,394 22.1  20,718 24.6 86 18.9  576 19.1  
Q3  2,922 27.0  20,556 24.5 121 26.7  725 24.1  
Q4 (highest quartile)  3,646 33.7  24,208 28.8 170 37.4  1,168 38.8  
Missing  43 0.4  209 0.3 1 0.2  3 0.1  
Smoking (n = 44,025)a           





a. Routine reporting of maternal smoking on the perinatal record form commenced in 1998. 231 
Smoker  846 20.0  8,692 23.7 67 16.3  475 17.3  
Unavailable  6,579 60.8  47,442 56.4 44 9.7  269 8.9  
Pre-pregnancy medical conditions           
Hypertension  139 1.3  910 1.1 0.06 4 0.9  49 1.6 0.23 
Diabetes  27 0.3  204 0.2 0.89 2 0.4  10 0.3 0.71 
Asthma  531 4.9  3,853 4.6 0.13 23 5.1  115 3.8 0.21 
Conditions in pregnancy           
Pregnancy induced hypertension  1,417 13.1  10,829 12.9 0.52 46 10.1  458 15.2 <0.01 





Table 2 describes perinatal outcomes stratified by maternal shift work status and mode of 232 
conception.  There was considerable variation in the proportion of births that were male, 233 
ranging from 44.9 per cent (multiples conceived naturally to night shift workers) to 57.1 per 234 
cent (multiples conceived with fertility treatment to night shift workers).  Caution is thus 235 





Table 2: Perinatal outcomes for births to primiparous women in paid employment, stratified by night shift work exposure and mode of 237 
conception. 238 
 239 
 Naturally conceived births Births from fertility treatment 
 Night shift workers Day workers Night shift workers Day workers 
 (n = 10,817) (n = 84,076) (n = 454) (n = 3,012) 
Singletons n (%) 10,603 (98.0) 82,234 (97.8) 349 (76.9) 2,127 (70.6) 
Male births n (%) 5,491 (51.8) 42,349 (51.5) 158 (45.3) 1,063 (49.9) 
Fetal deaths per 1000 births 5.8 5.2 8.6 11.3 
Birth weight in grams (mean ± sd)ab 3,429 ± 457** 3,409 ± 457 3,355 ± 484 3,361 ± 476 
Gestational agea  n (%)     
≥ 37 weeks 9,924 (94.4) 76,581 (93.9) 311 (90.4) 1,881 (90.0) 
32–36 weeks 527 (5.0) 4,287 (5.3) 26 (7.6) 175 (8.4) 
< 32 weeks 64 (0.6) 673 (0.8) 7 (2.0) 34 (1.6) 
Any congenital anomalies per 1000 60.3 58.6 103.1 81.3 
Urogenital anomalies per 1000 17.3 17.0 34.4 21.2 
     
Multiplesa  n (%) 214 (2.0) 1,842 (2.2) 105 (23.1)** 885 (29.4) 
Male births n (%) 96 (44.9) 869 (47.2) 60 (57.1) 478 (54.0) 
Fetal deaths per 1000 births 32.7 21.2 85.7** 26.0 
Birth weight, grams (mean ± sd)bc 2,657 ± 330 2,713 ± 363 2,757 ± 416 2,693 ± 371 
Gestational agea  n (%)     








sd = standard deviation. * p<0.05     ** p<0.01 243 
a 98% of naturally-conceived multiple births and 91% of multiple births from fertility treatment were twins. 244 
b Excluding terminations for defect (n=309) and fetal deaths (n=597) 245 
c Term births only. Birthweight information was missing for 214 births.   246 
32–36 weeks 77 (37.2)* 809 (44.9) 41 (43.6) 431 (50.1) 
< 32 weeks 24 (11.6) 217 (12.1) 13 (13.8) 106 (12.3) 
Any congenital anomalies per 1000 42.1 76.0 114.3 72.3 





Among births conceived naturally (Table 2), perinatal profiles for singletons were similar 247 
when bivariate comparisons were made between those exposed and not exposed to shift work 248 
in utero, apart from a small difference in birth weight.  Around two percent of natural 249 
conceptions were multiple gestations (98% of these comprising twins, 2% higher order 250 
multiples), and this prevalence did not appear to vary with shift work exposure.  Where the 251 
mother worked night shift, multiple pregnancy was significantly less likely to involve 252 
preterm birth.  Variation in the prevalence of congenital anomalies and urogenital anomalies 253 
among multiple births conceived naturally was not statistically significantly. 254 
 255 
Among births arising from fertility treatment (Table 2), perinatal profiles for singletons were 256 
unrelated to shift work exposure.  There was considerable variation in the prevalence of 257 
congenital anomalies and urogenital anomalies but differences were not statistically 258 
significant in bivariate analysis.  Around a quarter of births arising from fertility treatment 259 
were multiple gestations (91% twins, 9% higher order multiples), with multiples more likely 260 
to occur where the mother undertook day work.  Where a mother worked night shift and had 261 
a multiple birth arising from fertility treatment, compared to mothers who worked days and 262 
had a multiple birth arising from fertility treatment, prevalence of fetal death and of 263 
urogenital anomalies were elevated. 264 
 265 
Maternal age, fetal sex and multiplicity were included in a multivariate logistic regression 266 
analysis; other covariates that met the criteria for inclusion in the model were ethnicity, 267 
socioeconomic status, pre-pregnancy diabetes, gestational diabetes, pre-pregnancy 268 
hypertension and pregnancy induced hypertension (Table 3).  A multiplicative interaction 269 
between night shift work and mode of conception in relation to the outcome of urogenital 270 





naturally conceived first births, maternal night shift work was not associated with urogenital 272 
anomalies in offspring when other factors were considered (OR = 0.99, 95% CI 0.84 - 1.15).  273 
Where conception arose from fertility treatment, the odds of urogenital defects was elevated 274 
among births to night shift workers compared to day workers (OR = 2.06, 95% CI 1.20 - 275 
3.54). 276 
 277 
Table 3:  Examination of associations between maternal night shift work and urogenital 278 
anomalies in offspring by mode conception.  279 





OR [95% CI] 
Adjusted b 
OR [95% CI] 
Natural 84,076 10,817 1.00 [0.86–1.17] 0.99 [0.84–1.15] 
Fertility treatment 3,012 454 1.95 [1.14–3.33] 2.06 [1.20–3.54] 
a. Odds ratios derived from logistic regression models that included an interaction term for 280 
shift work and mode conception. Unadjusted interaction coefficient β=0.67, SE=0.29, 281 
p=0.02. Adjusted interaction coefficient β=0.74, SE=0.29, p=0.01. 282 
b. Adjusted for maternal age, fetal sex, multiplicity, ethnicity, socioeconomic status, pre-283 




The type of fertility treatment received by night shift and day workers was compared to see 288 
whether this was a potential explanation for differences in the prevalence of urogenital 289 
anomalies in offspring (Table 4).  Around a third of women conceived with IVF and a quarter 290 
with ICSI.  There was no statistically significant difference in the types of treatment received 291 
by night shift exposure status.  Among women who conceived with fertility treatment, 292 
maternal BMI was 25.1 kg/m2 for night shift workers and 24.6 kg/m2 for day workers 293 






Table 4: Type of fertility treatment used by primiparous women to achieve conception, 296 
stratified by night shift exposure. 297 




Fertility treatment type n % n % 
Minimal intervention 57 12.6 367 12.2 
Ovulation induction only 26 5.7 209 6.9 
Intrauterine insemination 49 10.8 370 12.3 
Gamete intrafallopian transfer 46 10.1 274 9.1 
In vitro fertilisation 156 34.4 1,001 33.2 
Intracytoplasmic sperm injection 113 24.9 745 24.7 
Donor oocyte 7 1.5 46 1.5 
Chi-square = 2.24, df = 6, p = 0.90. 298 
 299 
 300 
We attempted to investigate whether specific treatment modalities and multiplicity were 301 
associated with an excess of urogenital defects for night shift workers but data were sparse.  302 
Available data are provided in a supplementary table (Supplementary Table 1). 303 
 304 
Sensitivity analyses were undertaken.  When data were restricted to birth records in which 305 
maternal smoking was available (with a loss of 55% of births), smoking was not associated 306 
with urogenital anomalies (OR=0.89, 95% CI 0.74-1.06), and the main results were largely 307 
unaltered: the multiplicative interaction term was (β=0.716, SE=0.31, p=0.02) with an odds 308 
ratio for the natural conception group of 1.09 (95% CI 0.86-1.38) and 2.57 (95% CI 1.56-309 
4.25) for the fertility treatment group. When data from nurses was removed (with a loss of 310 
73% of births to shift workers) the multiplicative interaction term was somewhat diminished 311 
and no longer statistically significant (β=0.663, SE=0.56, p=0.23). The odds ratios were 1.03 312 
(95% CI 0.78 – 1.37) for the natural conception group and 2.28 (95% CI 0.82-6.37) for the 313 









This study demonstrated an interaction between maternal night shift work and the use of 319 
fertility treatment to conceive in relation to the prevalence of urogenital anomalies in first 320 
births.  This was not explained by differences in the types of fertility treatment administered 321 
to women who worked night shift. 322 
 323 
Interest in the occurrence of urogenital anomalies among births to nurses has been motivated 324 
by concern about the range of potential chemical, biological and physical exposures in the 325 
health care setting overall.  A case-control study in the United States comprising 4,915 cases 326 
and 3,027 controls reported significantly higher prevalence of any congenital anomalies, 327 
genital anomalies and urinary anomalies among children of female nurses.[20]  This study did 328 
not consider mode of conception. 329 
 330 
A recent systematic review by Warembourg et al. identified four relevant studies (three 331 
cohort, one case-control) published between 2000-2015.[15] Three of the included studies 332 
found no association between maternal healthcare work and offspring urogenital 333 
anomalies.[16-18] The fourth study, a cohort study of 23,222 nurses, found that the prevalence 334 
of genital and urinary anomalies among children of nurses was significantly lower than that 335 
in the general population.[19] However, that study compared the rate of anomalies in nurses to 336 
rates in the general population standardised for year of birth, rather than to a defined 337 
comparison group, thus, it was not possible to adjust for potential confounding factors. Only 338 





impact on the results. This study included first births to 5976 health care workers and 60,890 340 
other workers form the Danish National Birth Cohort, with a prevalence of infertility 341 
treatment of 8.1% and 7.1% respectively.[18] Within the systematic review no study had 342 
specific information on work schedules.[15] 343 
 344 
While we also do not have information on actual work schedules, an advantage of our study 345 
is that we included potential night shift workers from other industries who are unlikely to be 346 
exposed to the same infections, solvents and other hazards experienced by nurses.  We 347 
undertook sensitivity analysis in which nurses were excluded.  Changes in effect sizes in the 348 
model were modest, although statistical significance was not maintained, suggesting a loss of 349 
statistical power rather than altered relationships. This provides some indication of similar 350 
patterns across industries, but this needs investigation in a larger sample. 351 
 352 
Our results concur with existing research indicating that urogenital anomalies are more 353 
common among males than female births.[12-14]  Detection bias may contribute to this finding 354 
since the male sex organs are located externally, so anomalies may be more readily identified 355 
during routine examinations of males relative to females. However, congenital anomalies of 356 
the kidney and urinary tract, which may not be so easily detected, have also been shown to 357 
occur more frequently in males.[29] Our findings also confirm that urogenital anomalies are 358 
more common among babies conceived with fertility treatment.[22, 30, 31]  While detection bias 359 
might contribute to this through greater treatment seeking of mothers on behalf of these 360 
children, or greater health care needs, the fact that anomalies were reported up to the child’s 361 
fifth birthday mitigates against this. The variability in the ratio of males to females born after 362 





specific components of treatment such as embryo selection parameters, culture media, and 364 
timing of embryo transfer.[32-34] 365 
 366 
Mechanistically it is possible that altered endocrinology produced by circadian misalignment 367 
in female night shift workers may contribute to the increased prevalence of urogenital 368 
anomalies in offspring.[9, 10]  However, if either altered androgen-estrogen balance or 369 
melatonin secretion were driving the association between shift work and urogenital 370 
anomalies, we might expect to see an effect regardless of mode of conception.  Instead, 371 
urogenital anomalies were increased only when conception involved infertility treatment. 372 
 373 
This might be explained by differences between night shift workers who required fertility 374 
treatment to conceive and their co-workers.  An important possibility is differences in shift 375 
schedules entailing greater duration and/or intensity of shift work, hence greater interference 376 
with reproductive function, among those who required fertility treatment. A study of 377 
endometriosis in rotating night shift workers by Schernhammer et al. found higher rates of 378 
endometriosis among rotating shift workers, but only among those with concurrent 379 
infertility.[35] This led the authors to raise the idea of an interaction between the 380 
pathophysiology of infertility and the physiological disturbances produced by night and 381 
rotating shift work. Although we found an interaction, we cannot address this specific 382 
proposition as we do not have individual-level information on shift schedules.  Another 383 
possibility relates to tolerance of night shift work, which has been shown to vary between 384 
individuals.  Those with poor tolerance have greater sleep disturbance, fatigue, low mood, 385 
irritability and other symptoms, and could also experience greater endocrine disturbance.[36, 386 






Elsewhere we showed that women undertaking night shift work who receive fertility 389 
treatment are more likely than other women receiving treatment to have menstrual 390 
irregularity.[8]  It is possible that some of these women have menstrual disturbances produced 391 
by circadian disruption, in the absence of underlying clinical infertility.  There was no 392 
difference between night shift workers and other women in the type of treatment received, 393 
with over half of conceptions occurring through IVF or ICSI.  These are invasive treatments 394 
that involve manipulation of gametes and are associated with increased prevalence of any 395 
congenital anomalies as well as urogenital anomalies.[31]  Over time, there has been variation 396 
in steps within the treatment process, such as the stimulation protocol, although it is hard to 397 
see how such variation could be systematically related to a woman’s occupation. 398 
 399 
Strengths of this study include the use of large, population-based datasets, which provided 400 
over 98,000 first births for analysis. The SA Birth Defects Register provides high quality 401 
information on congenital anomalies diagnosed up to age five years, allowing ascertainment 402 
beyond those detectable at birth. Linkage of fertility clinic data provided information on 403 
specific treatment modalities for conception, reducing the potential for confounding by 404 
treatment type. The size of the dataset also meant we were able exclude women who were 405 
nurses in sensitivity analyses, reducing the likelihood that our results were influenced by the 406 
multiple hazardous exposures of nurses. 407 
 408 
This study also has several limitations.  As mentioned, we did not have individual-level 409 
information on shift schedules for women, so we were unable to investigate possible roles of 410 
intensity and duration of night shift work.  Use of occupational title to impute night shift 411 
work involves a degree of misclassification of exposure.  As such misclassification occurs 412 





are likely to be conservative.  We only had data on smoking for a subset of women.  414 
However, results of our sensitivity analysis aligned with previous studies that suggest no 415 
association between maternal smoking and urogenital anomalies.[10, 21] High maternal BMI 416 
has been identified as a risk factor for urogenital anomalies,[10, 21] and is associated with shift 417 
work. While average BMI did not vary significantly by shift work status in the fertility 418 
treatment group, we did not have information on BMI where women conceived naturally, so 419 
could not fully consider potential confounding from BMI in the analyses. 420 
 421 
Maternal shift work involving exposure to light at night was significantly associated with 422 
urogenital anomalies in their offspring, but only among women who conceived with fertility 423 
treatment. The interaction between maternal shift work and use of fertility treatment suggests 424 
that individual susceptibility to circadian disruption and the impact of this on severity of 425 
infertility may be important factors in determining adverse outcomes, such as urogenital 426 
anomalies. 427 
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FIGURE LEGENDS 555 
Figure 1: Construction of the dataset for analysis of the effect of maternal shift work 556 
exposure by mode of conception. 557 
 558 
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SUPPORTING INFORMATION 560 
Supplementary Table 1: Frequency of selected pregnancy by night shift exposure, 561 
stratified by treatment type and multiplicity. 562 

Supplementary Table 1: Frequency of selected pregnancy by night shift exposure, stratified by treatment type and multiplicity. 
  Night shift work Non-shift work 
Treatment type Outcome 
Singleton 
n = 349 
Twins 
n = 93a 
(46 sets) 
Triplets 
n = 12 
(4 sets) 
Singleton 
n = 2127 
Twins 
n = 800 
(400 sets) 
Triplets 
n = 72 
(24 sets) 
Minimal intervention  n = 53 n = 4 n = 0 n = 349 n = 18 n = 0 
 Fetal death 0 1 (25.0)  1 (0.3) 0  
 Any congenital anomalies 4 (7.5) 0  31(8.9) 0  
 Urogenital anomalies 0 0  7 (2.0) 0  
Ovulation induction only  n = 24 n = 2 n = 0 n = 177 n = 32 n = 0 
 Fetal death 1 (4.2) 0  0 0  
 Any congenital anomalies 2 (8.3) 1 (50.0)  12 (6.8) 4 (12.5)  
 Urogenital anomalies 0 1 (50.0)  2 (1.1) 2 (6.3)  
Intrauterine insemination  n = 46 n = 3 n = 0 n = 290 n = 74 n = 6 
 Fetal death 1 (2.2) 1 (33.3)  1 (0.3) 0 0 
 Any congenital anomalies 5 (10.9) 1 (33.3)  25 (8.6) 3 (4.1) 0 
 Urogenital anomalies 0 1 (33.3)  6 (2.1) 2 (2.7) 0 
Gamete intrafallopian transfer  n = 24 n = 16 n = 6 n = 159 n = 92 n = 15 
 Fetal death 1 (4.2) 2 (12.5) 1 (16.7) 3 (1.3) 3 (3.3) 0 
 Any congenital anomalies 2 (8.3) 0 2 (33.3) 14 (8.8) 7 (7.6) 1 (6.7) 
 Urogenital anomalies 1 (4.2) 0 2 (33.3) 3 (1.9) 1 (1.1) 0 
In vitro fertilisation  n = 119 n = 34 n = 3 n = 615 n = 334 n = 48 
 Fetal death 0 2 (5.9) 1 (33.3) 10 (1.6) 11 (3.3) 2 (4.2) 
 Any congenital anomalies 13 (10.9) 5 
(14.7) 
0 34 (5.5) 22 (6.6) 5 (10.4) 
 Urogenital anomalies 5 (4.2) 2 (5.9) 0 9 (1.5) 7 (2.1) 1 (2.1) 
Intracytoplasmic sperm injection  n = 76 n = 34 n = 3 n = 501 n = 240 n = 3 
 Fetal death 0 1 (2.9) 0 8 (1.6) 6 (2.5) 0 
 Any congenital anomalies 10 (13.2) 3 (8.8) 0 53 (10.6) 20 (8.3) 0 
 Urogenital anomalies 6 (7.9) 2 (5.9) 0 17 (3.4) 8 (3.3) 0 
Donor oocyte  n = 7 n = 0 n = 0 n = 36 n = 10 n = 0 
 Fetal death 0   1 (2.8) 0  
 Any congenital anomalies 0   4 (11.1) 1 (10.0)  
 Urogenital anomalies 0   1 (2.8) 0  
a. There was one twin gestation in the night shift group where one twin was lost prior to 20 weeks, and therefore did not appear in the perinatal record. 
